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Achieving transparency in carbon labelling for construction materials – 
Lessons from current assessment standards and carbon labels 
Abstract 
The construction industry is one of the largest sources of carbon emissions. Manufacturing of raw 
materials, such as cement, steel and aluminium, is energy intensive and has considerable impact on 
carbon emissions level. Due to the rising recognition of global climate change, the industry is under 
pressure to reduce carbon emissions. Carbon labelling schemes are therefore developed as meaningful 
yardsticks to measure and compare carbon emissions. Carbon labelling schemes can help switch 
consumer-purchasing habits to low-carbon alternatives. However, such switch is dependent on a 
transparent scheme. The principle of transparency is highlighted in all international greenhouse gas 
(GHG) standards, including the newly published ISO 14067: Carbon footprint of products – 
requirements and guidelines for quantification and communication. However, there are few studies 
which systematically investigate the transparency requirements in carbon labelling schemes. A 
comparison of five established carbon labelling schemes, namely the Singapore Green Labelling 
Scheme, the CarbonFree (the U.S.), the CO2 Measured Label and the Reducing CO2 Label (UK), the 
CarbonCounted (Canada), and the Hong Kong Carbon Labelling Scheme is therefore conducted to 
identify and investigate the transparency requirements. The results suggest that the design of current 
carbon labels have transparency issues relating but not limited to the use of a single sign to represent 
the comprehensiveness of the carbon footprint. These transparency issues are partially caused by the 
flexibility given to select system boundary in the life cycle assessment (LCA) methodology to 
measure GHG emissions. The primary contribution of this study to the construction industry is to 
reveal the transparency requirements from international GHG standards and carbon labels for 
construction products. The findings also offer five key strategies as practical implications for the 
global community to improve the performance of current carbon labelling schemes on transparency. 
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1. Introduction 
The building and construction sector is one of the largest sources of carbon emissions. According to 
the US Environmental Protection Agency (2012), buildings consume 39% of the total energy used, 68% 
of total electricity consumption, 12% of potable water consumed and 38 percent of the carbon dioxide 
emissions in the U.S. The manufacturing process of building materials (e.g. cement and steel) and 
chemicals have considerable impact on CO2 emissions level (Worrell et al., 2001a). For example, the 
cement sector alone accounts for 5% of global man-made CO2 emissions (Worrell et al., 2001b). 
Transportation of raw materials is also energy intensive, especially for countries which relies heavily 
on import of raw materials (Wu and Low, 2011). On-site construction of building is not always 
effective and may generate unnecessary carbon emissions (Wu and Low, 2012 and Wu et al., 2013). 
Due to the rising recognition of global climate change, many sectors, including the building and 
construction sector, are under pressure to reduce carbon emissions. A central issue in striving towards 
reduced carbon emissions is the need for a practicable and meaningful yardstick for measuring and 
comparing carbon emissions (Crawley and Aho, 1999). 
 
Life Cycle Assessment (LCA) has been widely adopted to evaluate environmental impacts, including 
evaluating global climate change in terms of measuring global warming potential, in both 
manufacturing and construction sectors (Petersen and Solberg, 2002). It assigns elementary flow and 
potential environmental impacts to a specific product system (Wu and Low, 2011). Various carbon 
labelling schemes have been developed based on LCA, including the Singapore Green Labelling 
Scheme (Singapore), the CarbonFree (The U.S.), the Carbon Label (UK), the CarbonCounted (Canada) 
and the Hong Kong Carbon Labelling Scheme (CLS). According to Erskine and Collins (1997), the 
greatest challenge to LCA in environmental labelling is its credibility, which requires transparency in 
system boundary definition, the availability of data, data quality and the methods used. Without 
transparency, comparing the carbon emissions level of different products will be extremely difficult 
and unrealistic. Consumers, who usually do not have access to the full embodied carbon data of the 
product and make the buying decision solely based on the information presented on the label, cannot 
truly identify and select low-carbon products. This paper therefore aims to: (1) compare globally 
recognized GHG standards and carbon labels to investigate the transparency requirements in the 
carbon labels for construction materials; and (2) identify key factors that should be addressed for 
future international GHG standards and carbon labels to improve on these transparency requirements. 
2. Transparency in carbon labelling schemes 
Driven by the pressing pressure of environmental challenges, there have been a number of attempts to 
initiate environmental labelling or eco-labelling schemes (Ball, 2002). Environmental labelling 
programmes may provide one or several pieces of environment-related information, such as modelling 
of energy consumption, water consumption, carbon emissions and wastes. These pieces of 
information are aggregated into a single score for making informed decisions when selecting 
environmentally friendly materials. 
The assessment of environmental information in environmental labelling schemes is based on life 
cycle assessment method, including ISO 14040 (2006) and ISO 14044 (2006). Trusty (2001) divided 
the life cycle assessment tools into three levels: which are: 
 
•Level 1: Product comparison tools (e.g. UK Ecopoints, Blue Angel, NF Environment Mark) 
•Level 2: Whole building design or decision support tools (e.g. Whole Life Cycle Costing, Multi-
Criteria Decision Making) 
•Level 3: Whole building assessment frameworks (BREEAM, LEED, Green Globes) 
 
For example, LEED (the Leadership in Energy and Environmental Design) is a voluntary consensus 
standard developed by the U.S. Green Building Council (USGBC) for developing sustainable 
buildings that have superior performance in the areas of sustainable site development, water savings, 
energy efficiency, materials selection and indoor air environmental quality (Vijayan and Kumar, 
2005). Green Globes offer a simpler methodology and employ a user-friendly interactive guide for 
assessing and integrating green design principles for buildings (Smith et al., 2006). Both labelling 
programmes are known as the whole building performance assessment tools. On the other hand, the 
Building Research Establishment (BRE) methodology for environmental profiles for construction 
materials, components and buildings offers a standardized method to identify and assess the 
environmental effects associated with building materials over their life cycles – that is the extraction, 
processing, use, maintenance and eventual disposal (Building Research Establishment, 2010). Based 
on the methodology, the UK Ecopoints was initiated by BRE to measure the total environmental 
impacts of a particular product or process (Huovila and Curwell, 2007). Environmental labelling 
programmes of construction materials should be developed in close cooperation with manufacturers, 
as information related to inputs of raw materials, energy as well as the detailed design is mostly 
provided by manufacturers. The Whole Life Cycle Costing approach is a technique which enables 
comparative cost assessments to be made over a specified period of time, taking into account all 
relevant economic factors both in terms of initial costs and future operational costs (Gluch and 
Baumann, 2004). According to Balcomb and Curtner (2000), the Multi-Criteria Decision-Making 
(MCDM) technique is designed to guide design teams in a way that makes sustainable building design 
easy and inexpensive. Both approaches belong to the Level 2 assessment (i.e. whole building design 
or decision support tool) category and can offer the design team a good evaluation of the proposed 
building to achieve ultimate building sustainability. 
 
However, since the establishment of the first eco-labelling scheme, i.e. the Blue Angel, in 1978, eco-
labelling schemes have been challenged for not providing credible and transparent environmental 
information. For example, a comparison of five eco-labels in the Netherlands shows that eco-labels 
fail to communicate adequately and do not diminish the information gap between seller and buyer 
(Amstel et al., 2008). Eco-labels are also not adequate to provide sufficient information about 
producers’ compliance. Similarly, Nilsson et al. (2004) found that although small groups of 
consumers may be satisfied with a number of different environmental labelling schemes, the majority 
of the schemes fall short of providing a credible quality assurance scheme. 
 
In the building industry, the life cycle assessment approach, which is the most commonly adopted 
methodology to assess the carbon performance of buildings and construction products, is found to be 
problematic in providing consistent evaluation and reporting criteria. For example, in the assessment 
of GHG emissions of concrete, Santero and Horvath (2009) adopted a life cycle view to include the 
use phase, whileFlower and Sanjayan (2007) argued that the impact from use and end-of-life phases 
of concrete is minimal and can therefore be excluded in life cycle studies. As to the unit of 
measurement in GHG assessment, Wu and Low (2011) reported CO2 as the unit of measurement, 
while Guggemos and Horvath (2005) used global warming potential of all GHGs (CO2 equivalent) – 
a characterization factor describing the radiative forcing impact of one mass-based unit of a given 
GHG relative to that of carbon dioxide over a given period of time (ISO 14067, p.4). It seems that the 
inconsistent adoption of life cycle assessment tools has limited the credibility of the environmental 
information. Low credibility will eventually harm the transparency of the whole labelling scheme. 
 
Previous studies on transparency in carbon labelling schemes focus on isolated transparency 
requirements, such as the scope of the assessment (see Finkbeiner, 2009), the selection of system 
boundary (see Ball, 2002, Suh et al., 2004 and Matthews et al., 2008), the treatment of use and end-of-
life phases (see Collins, 2010, Dodoo et al., 2009 and Wu et al., 2014) and transparent reporting 
(see Verfaillie and Bidwell, 2000 and Wu and Feng, 2012). Few, if not none, studies have 
systematically investigated the transparency requirements needed to develop a carbon labelling 
scheme for construction products. As international GHG standards are established to guide both 
LCA evaluation and communication in carbon labelling schemes, this paper therefore has two 
components. A critical review of the most commonly adopted international GHG standards is first 
presented to discuss the shortcomings of these standards. The transparency requirements in these 
international GHG standards are then emphasized. After that, five internationally recognized carbon 
labels which are built on international GHG standards are reviewed. Inconsistencies in these carbon 
labels and their impact on transparency are discussed. Based on the two comparisons, five strategic 
recommendations are finally proposed to enhance transparency in future carbon labelling schemes. 
3. An overview of current international GHG standards 
The assessment of environmental information in environmental labelling schemes is based on the life 
cycle assessment method, including ISO 14040 (2006) and ISO 14044 (2006). In addition, the 
communication of the environmental results is based on the types of environmental labelling. The 
International Organization for Standardization established three types of environmental labelling, 
which are: 
•Type I refers to eco-labelling schemes which award a mark or logo based on the fulfilment of a set of 
criteria (ISO 14024, 1999). 
•Type II refers to environmental claims which are self-declared by manufacturers and businesses (ISO 
14021, 1999). 
•Type III refers to eco-labelling schemes which provide life-cycle data declarations for the products 
(ISO 14025, 2006). 
 
Carbon labelling schemes of building materials are designed to help evaluate the impact of global 
climate change from the construction industry. Generally speaking, all carbon labelling schemes are 
single-issue type III environmental declarations which extract the information related to GHG 
emissions to become a climate declaration. Although carbon labelling schemes focus on a specific 
category (i.e. climate change), as Type III environmental declarations, they are based on the same life 
cycle assessment principles, including ISO 14040 (2006) and ISO 14044 (2006). The design of carbon 
labelling programmes often follows the LCA rules, similar to other environmental labelling 
programmes, by assigning elementary flows and potential environmental impacts to a specific product 
system. The whole labelling process consists of estimating the inputs of raw materials, energy, the 
emissions to air, land and water associated with the manufacture of a product, operation of a process 
or provision of a service and end-of-life treatments (Nisbet et al., 2000). 
The development of carbon labelling schemes was guided by three major international GHG standards, 
including Publicly Available Specification (PAS) 2050:2011 – Specification for the assessment of the 
life cycle greenhouse gas emissions of goods and services; ISO 14000 series – Environmental 
managementand World Resources Institute (WRI)/World Business Council for Sustainable 
Development (WBCSD) –Greenhouse gas protocol for product accounting and reporting 
standard (hereafter referred to as WRI/WBCSD: The GHG Protocol). The newly published ISO 
14067: Carbon footprint of products – requirements and guidelines for quantification and 
communication also provides a uniform and globally recognized guidance to assess and communicate 
GHG results. It can be used as the fourth international GHG standard. With ISO 14067 published in 
June 2013, it appears that the assessment standards have evolved to include both assessment and 
communication ( ISO 14067, 2013). Understanding the transparency requirements in these 
international GHG standards can generally be seen as the first step to design transparent carbon 
labelling schemes in the future. The relationship between these international standards and their 
contribution to the development of carbon labelling schemes are shown in Fig. 1. 
 
Fig. 1. The relationship between life cycle assessment, international GHG standards and 
carbon labelling schemes. 
3.1. Publicly Available Specification (PAS) 2050 
PAS (Publicly Available Specification) 2050 was published by the British Standards Institution on 29 
October, 2008 and included detailed requirements for the assessment of GHG emissions arising from 
goods and services (Sinden, 2009). The newly revised PAS 2050:2011 clearly stated that assessment 
of the GHG emissions of products shall be carried out using LCA techniques (British Standards 
Institution, 2011). According to Sinden (2009), the scope of PAS 2050 is the assessment of the GHG 
emissions arising from a life cycle perspective of goods and services. There are five principles in the 
PAS 2050:2011, including relevance, completeness, consistency, accuracy and transparency. The 
definition of transparency is defined as (British Standards Institution, 2011, p.7): 
“Transparency: where the results of life cycle GHG emissions assessment carried out in accordance 
with this PAS are to be disclosed to a third party, GHG emissions-related information is made 
available that is sufficient to support disclosure and allow such a third party to make associated 
decisions with confidence.” 
However, it should be noted that although transparency is listed as one of the five principles in PAS 
2050, the main objective of the guideline is to assess the level of carbon emissions. The 
implementation and communication of the assessed results are not within its scope and PAS 2050 
therefore offers minimum guidance for manufacturers or accrediting bodies to communicate the GHG 
results to customers and other third parties. 
3.2. WRI/WBCSD: The GHG Protocol 
WRI/WBCSD – The GHG Protocol at a product level was published in 2011, with the intent to 
provide additional specifications and guidance to facilitate a consistent quantification and public 
reporting of product life cycle GHG emissions (WRI/WBCSD, 2011). In the assessment process, the 
GHG Protocol provided more detailed guidance compared with PAS 2050. For example, the 
estimation to exclude an emission source due to its insignificance in the assessment should be based 
on upper limit assumptions, i.e. the most conservative case. The GHG Protocol also provided 
additional reporting requirements on setting reduction target and tracking inventory changes. 
3.3. ISO 14067 
Similar to PAS 2050, the newly published ISO 14067 specifies principles, requirements and 
guidelines for the quantification and communication of the carbon footprint of a product (CFP). One 
major difference with PAS 2050 is that ISO 14067 focuses on the communication of the results to 
third parties as well. Other than the assessment principles provided in PAS 2050, ISO 14067 proposes 
a few new principles, including: 
•Coherence. Coherence is about selecting recognized assessment guidelines to ensure comparability 
between different materials within the same category, e.g. building materials. 
•Avoidance of double-counting. This principle should be considered in situations where 
supplier/generator-specific emission factors for electricity are used ( ISO 14067, 2013, p.25). 
•Participation. ISO 14067 encourages the involvement of interested parties in the communication 
programmes. 
•Fairness. ISO 14067 is the assessment and communication of one single category of environmental 
impact – climate change. Quantified carbon emissions and reductions in GHG emissions should be 
treated separately. 
In order to be compliant with ISO 14067, manufacturers need to provide a CFP report after the 
assessment. The CFP report, including the results, data, methods, assumptions and limitations, is open 
to the public to enable consumers and businesses to make informed decisions. The CFP report should 
follow a standard template including contact information, type of CFP (partial or full), date and source, 
limitations and more importantly a process map. The standard template can allow critical comparisons 
between different materials and is extremely useful when the implementation of a carbon labelling 
network is foreseeable in the future. 
ISO 14067 also sets up standard to communicate assessed results to the public. If the CFP results are 
intended to be publicly available in the form of a carbon label, the standard as prescribed, including 
the reports that should be included, is as briefly illustrated in Table 1. 
Table 1.CFP communication requirements in a carbon label in ISO 14067. 
Reports in CFP label Descriptions Requirements 
CFP communication 
programme 
Programme for the development and use of CFP 
communication based on a set of operating rules. 
Mandatory 
CFP-Product 
Category Rule (PCR) 
CFP-PCR defines the goal and scope for the product 
category and should include the life cycle stages to 
be included, the parameters to be covered and the 
Mandatory 
Reports in CFP label Descriptions Requirements 
way in which the parameters shall be collated and 
documented. 
 3rd Party CFP 
verification or CFP 
disclosure report 
The quantification is prepared in accordance with 
ISO 14044:2006 – Environmental management – 
life cycle assessment – requirements and guidelines. 
Mandatory 
AND 
The communication is verified by a third party in 
accordance with ISO 14025: 2006 – Environmental 
labels and declaration. 
OR 
The results, data, methods, assumptions and 
limitations are published in a CFP disclosure report 
using the template provided in the ISO 14067 
standard. 
Adapted from: ISO 14067 (2013). 
As can be seen from Table 1, if a carbon labelling programme is intended to be publicly available and 
ISO 14067 compliant, three reports, including communication programme, product category rule and 
3rd party verification/disclosure report should be provided. 
 
4. Transparency requirements in international GHG standards 
A comparison of the three international GHG standards and a detailed examination of the 
transparency requirements in these three international GHG standards are shown in Table 2. 
 
Table 2.Transparency requirements in international GHG standards. 
GHG 
standards 
criteria 
PAS 2050 
(2011) 
WRI/WBCSD: 
The GHG 
Protocol (2011) 
ISO 14067 
(2013) 
How can the 
criterion 
affect 
transparency 
in the carbon 
labelling 
schemes for 
construction 
products? 
Previous 
studies 
Scope Assessme
nt 
Assessment and 
communication 
Assessmen
t and 
communica
The scope of 
PAS 2050 
does not 
include 
Sinden 
(2009) andFink
beiner (2009) 
GHG 
standards 
criteria 
PAS 2050 
(2011) 
WRI/WBCSD: 
The GHG 
Protocol (2011) 
ISO 14067 
(2013) 
How can the 
criterion 
affect 
transparency 
in the carbon 
labelling 
schemes for 
construction 
products? 
Previous 
studies 
tion communicati
on which 
may result in 
different 
reporting 
style for 
carbon 
labels 
adopting 
PAS 2050.–
Recommend
ation 1 
 Assessment 
principles 
Relevance Relevance Relevance Additional 
assessment 
principles 
can ensure 
further 
standardizati
on.– 
Recommend
ation 1 
Participation 
inSchmidt 
(2009) Complete
ness 
Completeness Completen
ess 
Consisten
cy 
Consistency Consistenc
y 
Accuracy Accuracy Accuracy 
Transpare
ncy 
Transparency Transparen
cy 
  Coherence 
  Avoidance 
of double-
counting 
  Participatio
n 
  Fairness 
 
GHG 
standards 
criteria 
PAS 2050 
(2011) 
WRI/WBCSD: 
The GHG 
Protocol (2011) 
ISO 14067 
(2013) 
How can the 
criterion 
affect 
transparency 
in the carbon 
labelling 
schemes for 
construction 
products? 
Previous 
studies 
System 
boundary 
Cradle-to-
gate 
Cradle-to-gate Cradle-to-
gate 
Flexibility 
given in 
choosing 
system 
boundaries 
can harm the 
credibility of 
the GHG 
information 
of the 
products.–
Recommend
ation 2 
Ball 
(2002),Matthew
s et al. 
(2008), Sinden 
(2009), Koning 
et al. 
(2010) and Suh 
et al. (2004) 
Cradle-to-
grave 
Cradle-to-grave Cradle-to-
grave 
  Gate-to-
gate 
  Partial CPF 
 Treatment 
of use and 
end-of-life 
phases 
Can be 
excluded 
if cradle-
to-gate is 
chosen as 
the 
system 
boundary. 
Can be excluded 
if cradle-to-gate 
is chosen as the 
system 
boundary. 
Must be 
included if 
these two 
phases: 
meet the 
threshold 
(>1%); can 
be 
appropriate 
simulated; 
and the 
GHG result 
is intended 
to be 
available in 
terms of 
carbon 
labels. 
Many 
construction 
products, 
including 
cement, 
concrete, 
wood and 
steel, will 
have to be 
re-assessed 
under the 
new ISO 
14067.–
Recommend
ation 2 
Collins, 
2010 and Lager
blad, 
2006, Salazar 
and Meil 
(2009), Dodoo 
et al. 
(2009) andVieir
a and Horvath 
(2008) 
 Reporting Basic 
guidelines 
Basic and 
additional 
reporting 
Comprehen
sive 
guidelines 
Selection 
and 
comparison 
of products 
Upham et al. 
(2011) 
GHG 
standards 
criteria 
PAS 2050 
(2011) 
WRI/WBCSD: 
The GHG 
Protocol (2011) 
ISO 14067 
(2013) 
How can the 
criterion 
affect 
transparency 
in the carbon 
labelling 
schemes for 
construction 
products? 
Previous 
studies 
guidelines are based on 
final reports 
of the CFP.–
Recommend
ation 5 
 Communic
ation 
application
s in carbon 
labelling 
3rd party 
verificatio
n 
3rd party 
verification 
3rd party 
verification 
A single 
sign used in 
carbon 
labelling 
may 
suppress 
other 
information 
that is useful 
to select low 
carbon 
construction 
products.–
Recommend
ation 4 
Verfaillie and 
Bidwell 
(2000) andWu 
and Feng 
(2012) 
Ratio indicators CFP 
communica
tion 
programme 
Base year 
benchmarking 
CFP 
Product 
category 
rule 
GHG 
management/red
uction report 
CFP 
disclosure 
report 
Performance 
measurement 
against internal 
benchmarks 
 
Performance 
measurement 
against external 
benchmarks 
 
 Guidelines 
regarding 
the 
comparison
s of carbon 
Not 
provided 
Not provided Provided Comparison 
is one of the 
best 
strategies to 
alter the 
Ball 
(2002) andD'So
uza et al. 
(2006) 
GHG 
standards 
criteria 
PAS 2050 
(2011) 
WRI/WBCSD: 
The GHG 
Protocol (2011) 
ISO 14067 
(2013) 
How can the 
criterion 
affect 
transparency 
in the carbon 
labelling 
schemes for 
construction 
products? 
Previous 
studies 
labels purchasing 
behaviour of 
customers to 
select low 
carbon 
products 
(D'Sourza et 
al., 2006).–
Recommend
ation 4 
 
As can be seen from Table 2, communication of the GHG results to consumers, as one integral part of 
carbon labelling programmes, has only been initiated in recent WRI/WBCSD: The GHG Protocol and 
ISO 14067. Due to an increasing market demand for climate-relevant information, communication of 
the GHG results needs to be regulated for standardization (Finkbeiner, 2009). 
The assessment principles are quite similar in the three international GHG standards because the life 
cycle assessment methods, i.e. ISO 14040 and ISO 14044, are adopted for all GHG standards. 
However, ISO 14067 provides additional assessment principles to ensure further standardization. For 
example, ISO was previously criticized for lack of transparency and inadequate involvement of 
environmental organizations (Gulbrandsen, 2005). The participation principle is to include each 
stakeholder in the GHG quantification procedure so that their contributions to the carbon footprint of 
the products are clear. 
 
Another transparency issue in the three international GHG standards is the flexibility given to select 
system boundary. As Sinden (2009) pointed out, while ISO 14040 and ISO 14044 provide sufficient 
flexibility to allow bespoke approaches to suit the requirements of each individual study, it is this 
flexibility that can limit the applicability of the standards and the credibility of the environmental 
information. Flexibility in choosing individual system boundary can harm the coherence and 
consistency principle. As can be seen from Table 2, although four types of system boundaries are 
provided in ISO 14067, only cradle-to-grave can be chosen if the CFPs are intended to be publicly 
available as carbon labels. Exemptions from using cradle-to-grave can only be sought if (ISO 14067, 
2013): 
 
•Information on specific stages (e.g. the use and end-of-life phases) is not available and reasonable 
scenarios cannot be simulated; or 
•There are stages that are insignificant for the GHG emissions and removals of the product. 
The strategy adopted in ISO 14067 imposes restrictions on choosing system boundaries and therefore 
restricts flexibility in individual assessment. Many previous studies have called for research on 
restricting the flexibility in choosing system boundaries. For example, Matthews et al. (2008) argued 
that the narrowly defined estimation boundary will generally lead to large underestimates of carbon 
emissions. Koning et al. (2010) provided an example showing how increasing the discretion of 
choosing system boundaries in LCA studies can result in misleading results. 
 
The proposition in ISO 14067 will affect the labelling practices of many construction products, 
including at least cement, concrete, wood and steel. Collins (2010) found that the carbonation of the 
recycled concrete was negative 136.2 kg CO2 equivalent per m3, causing the life cycle GHG 
emissions of concrete to reduce by 23.6%. Excluding use and end-of-life phases in the GHG 
assessment of concrete can cause overestimation of GHG emissions (see Lagerblad, 2006). 
Similarly, Salazar and Meil (2009) stated that due to the post-use energy recovery, wood materials 
have a high carbon benefit that should not be overlooked. The net carbon benefit of wood materials in 
forest re-growth will completely offset the manufacturing emissions. Dodoo et al. (2009) also found 
that the post-use stage of steel should not be excluded from its life cycle assessment due to the high 
carbon benefit that can be achieved from recycling. 
 
Table 2 also shows the contributions of ISO 14067 and the GHG Protocol (WRI/WBCSD) to the 
evolution of international GHG standards in the area of communication. Additional reporting 
guidelines are provided in WRI/WBCSD: The GHG Protocol while more comprehensive reporting 
guidelines are provided in ISO 14067. This is in accordance with previous findings that an aggregated 
single score can suppress other information when evaluating the products’ environmental quality, 
although it can offer the customers an intuitive explanation of the products’ environmental 
compatibility (Wu and Feng, 2012). The ISO committee shares the same concern so that when 
communicating the CFP as a single number, sufficient information shall be provided to enable the 
intended audience to understand the specific components in the CFP report (ISO 14067, 2013). 
 
In addition, various strategies have been proposed to enhance transparency in carbon labelling 
schemes through benchmarking and ratio indicators. For example, Wu and Feng (2012) developed a 
lean benchmark for carbon labels to indicate the gap between the current and the “leanest” 
performance. Such benchmark offers insights on the limits of the production system and provides the 
improvement potential of the construction materials on carbon performance. These benchmarks and 
ratio indicators are useful to change the purchasing behaviour of customers. According to Cohen and 
Vandenbergh (2012), a small change in consumption may have important effects on domestic and 
global emissions. 
 
Comparison is the one of the most commonly adopted strategies by customers to choose 
environmentally friendly materials. Carbon labelling schemes should therefore be designed in a way 
to allow reliable comparisons. According to ISO 14067 (2013), comparisons can only be made if the 
carbon labels to be compared follow identical quantification and communication requirements. Even 
the slightest change in quantification and communication requirements can prevent meaningful 
comparisons. It is therefore important to establish product category rules (PCRs), which include the 
life cycle stages to be included, the parameters to be covered and the way in which the parameters 
shall be collated and documented, for each type of building material (ISO 14067, 2013). Using PCRs 
to assess building materials can ensure consistency and enable comparisons of materials/products in 
the same product category. 
As can be seen from Table 2, research in international GHG standards has shifted to how 
environmental assessment results can be transparently communicated with customers so that informed 
decisions can be made. The publication of ISO 14067 is therefore timely as it sets up standards when 
communicating the GHG results in the form of carbon labels. Three mandatory reports must be 
provided along with the carbon label. In addition, the carbon label suggested in ISO 14067 does not 
preclude the use of ratio indicators, as suggested by WRI/WBCSD: The GHG Protocol, and other 
innovative communication practices. ISO 14067 therefore provides a good platform on which many 
relevant carbon labelling practices and principles can be further tested and developed. It is expected 
that with the contribution of transparent and comparable carbon labels, customers will prefer 
construction materials with low embodied carbon or relatively strong ratio indicators. 
5. An overview of current carbon labelling schemes 
Many carbon labels have been developed to assist customers to choose environmentally friendly 
materials in the construction industry. These carbon labels include, but are not limited to, the 
Singapore Green Labelling Scheme (Singapore), the CarbonFree (US), the CO2 Measured Label and 
the Reducing CO2 Label (UK), the CarbonCounted (Canada) and the Carbon Labelling Scheme (CLS) 
(Hong Kong). The background information of these carbon labelling schemes is shown in Table 3. 
Table 3.An overview of the carbon labelling schemes for construction products. 
Carbon 
labelling 
schemes 
Objectives Issuing 
authority 
and issuing 
year 
Countr
y of 
origin 
Labellin
g 
practices 
Other 
features 
Examp
les 
Singapore 
Green 
Labelling 
Scheme 
To endorsement 
consumer 
products and 
services that have 
less undesirable 
effects on the 
environment 
(Singapore 
Environment 
Council, 2010) 
Singapore 
Environme
nt Council; 
1992 
Singap
ore 
A single 
score; 
Consiste
ncy 
through 
accredite
d 
laborator
y; 
3rd party 
verificati
on 
No 
communic
ation 
programme
; 
No PCR; 
Global 
eco-
labelling 
network 
Cemen
t and 
concret
e 
product
s; 
Adhesi
ves 
 CO2 Meas
ured Label 
To clearly 
communicate the 
manufacturers’ 
achievements by 
accurately 
measuring the 
carbon footprints 
of the products 
(CarbonTrust, 
2013) 
Carbon 
Trust; 2006 
UK A single 
score; 
Consiste
ncy 
through 
evaluati
on team; 
Product 
emissions 
report 
Cemen
t 
 
Carbon 
labelling 
schemes 
Objectives Issuing 
authority 
and issuing 
year 
Countr
y of 
origin 
Labellin
g 
practices 
Other 
features 
Examp
les 
Reducing 
CO2Label 
To clearly 
communicate the 
manufacturers’ 
achievements by 
accurately 
measuring the 
carbon footprints 
of the products 
and demonstrate 
the 
manufacturers’ 
commitment to 
reduce the carbon 
footprint 
(CarbonTrust, 
2013) 
Carbon 
Trust; 2006 
UK A single 
score; 
Consiste
ncy 
through 
evaluati
on team 
Product 
emissions 
report; 
Target for 
reduction 
Cemen
t 
 CarbonCou
nted 
To determine, 
manage and 
report direct 
carbon footprint, 
as well as 
determine and 
generate product 
carbon footprint 
data for use in 
supply chains 
and/or carbon 
labels for 
products or 
services 
(CarbonCounted, 
2013) 
CarbonCou
nted; 2007 
Canada A single 
score; 
Voluntar
y 
reportin
g or 
consiste
ncy 
through 
certified 
auditor; 
Live 
carbon 
supply 
chain 
Cemen
t and 
concret
e 
product
s; 
Timber 
 CarbonFre
e 
To offer a 
meaning and 
transparent way 
to provide 
environmentally-
friendly, carbon 
neutral products 
to customers 
Carbon 
Fund; 2007 
USA A single 
score; 
Voluntar
y 
reportin
g 
Offsetting 
purposes 
Cemen
t 
Carbon 
labelling 
schemes 
Objectives Issuing 
authority 
and issuing 
year 
Countr
y of 
origin 
Labellin
g 
practices 
Other 
features 
Examp
les 
(CarbonFund, 
2013a and Carbo
nFund, 2013b) 
 Hong Kong 
Carbon 
Labelling 
Scheme 
(CLS) 
To provide 
verifiable and 
accurate 
information on 
the carbon 
footprint of 
construction 
materials for the 
communication 
between clients, 
designers, 
contractors and 
other end users 
(Construction 
Industry Council, 
2013) 
Constructio
n Industry 
Council; 
2013 
Hong 
Kong 
A single 
score; 
Voluntar
y 
reportin
g; 
Product 
category 
rule; 
3rd party 
verificati
on 
Benchmark
ing 
Cemen
t, steel 
and 
concret
e 
 
As can be seen from Table 3, there are a few important labelling practices and important features of 
each carbon label that should be noted. 
 
According to the SGLS certification guide, in order to apply for the green label certification, the 
manufacturers need to pass relevant test, e.g. the standard leaching test for cementitious product, and 
provide details of the manufacturing process. A sample product should be sent to an accredited 
laboratory in Singapore to test the carbon emissions level. When examining the SGLS, it is found that 
the SGLS uses a single score to indicate the carbon emissions level of the construction materials 
tested. However, no communication programme and CFP-PCR are provided for end-users. This 
means that the SGLS is not ISO 14067 compliant because under ISO 14067, a communication 
programme and a CFP-PCR should be established. The carbon emissions level is tested in accredited 
laboratories in Singapore. The LCA methods, assumptions and boundaries for different construction 
materials are therefore kept consistent so that reliable comparisons can be made. The Singapore 
Environment Council works as a third part to test and verify the carbon emissions level. The SGLS 
therefore complies with the ISO 14067 by providing 3rd party verification. It is also important to note 
that the SGLS has global eco-labelling network partners so that the test results of these labelling 
schemes can be used to gain affiliate labelling schemes for the Singapore Green Label. 
Similar to the SGLS, the CO2 Measured Label appoints an evaluation team to ensure consistency. The 
team has a leader and will be the first point of contact throughout the evaluation. When the results of 
the LCA pass the internal review of the Carbon Trust, the CO2 Measured Label can be used to 
promote the products with the carbon footprint of the products listed at the right-side of the label. It 
should be noted that along with the listed carbon footprint of the products, a product emissions report 
should also be provided. In the report, a summary of the company's strategy to manage carbon across 
the company as a whole should be provided. In addition, a summary of the company's 
objectives/targets for the reduction of GHG emissions across the company as a whole can also be 
provided. If such a summary is provided, the Reducing CO2 Label can be issued to demonstrate the 
companies’ efforts in reducing carbon emissions. 
 
CarbonCounted (2013) uses a live carbon supply chain to determine the amount of carbon dioxide 
emitted to bring a product to market. Carbon emissions in the supply chain of products are calculated 
using a live and connected carbon supply chain management system. Changes to the suppliers in the 
supply chain will immediately change the carbon results in the CarbonCounted. The labelling 
procedure can be done by voluntary reporting or through certified auditors. 
 
As can be seen in Table 3, CarbonFund is not responsible for either conducting the LCA study of the 
product or providing accredited laboratories to do so. Once the results are submitted to and accepted 
by the panel, the CarbonFree Label can be used when promoting the products. Although a single score 
is used in CarbonFree, unlike in the SGLS, the CO2 Measured Label and the Reducing CO2 Label, the 
single score does not represent the embodied carbon of the construction material. Instead, the 
manufacturer donates an amount of money which goes into third-party validated carbon offset 
projects. The amount of carbon emissions that is offset by the donation will be shown in the label. In 
other words, CarbonFree is more related to identifying the manufacturers’ contributions towards 
corporate social responsibility than the development of low-carbon products. 
 
As for the Hong Kong Carbon labelling scheme, one significant contribution of the Hong Kong 
Carbon Labelling Scheme is the implementation of Product Category Rule (PCR) in carbon labelling. 
PCR defines the goal and scope for the product category and includes the life cycle stages to be 
included, the parameters to be covered and the way in which the parameters should be collated and 
documented (ISO 14067, 2013). Reliable comparisons of different materials can be made if these 
materials follow the same PCR. Based on the assessment results, construction materials can be 
categorized into five grades including Grade A – Outstanding; Grade B – Very Good; Grade C – 
Good; Grade D – Fair; and Grade E – Improvement needed. The categorizing system can offer an 
intuitive explanation of the products’ environmental performance against an internationally 
recognized benchmark. 
 
6. Transparency requirements in carbon labelling schemes 
A detailed comparison of the five carbon labelling schemes is shown in Table 4. As can be seen 
from Table 4, all five carbon labelling programmes follow LCA standards, with emphasis on PAS 
2050 and WRI/WBCSD: The GHG Protocol. It should however be noted that the methodological 
challenges to implementing a reliable carbon labelling programme are significant and can impose 
extreme difficulty for customers to make informed decisions. The system boundaries in the five 
carbon labelling schemes vary significantly with the SGLS and the CO2 Measured Label using cradle-
to-gate, the CarbonCounted using cradle-to-gate plus transportation to retail, the CarbonFree using 
cradle-to-grave and the Hong Kong Carbon Labelling Scheme using cradle-to-site. The selection of 
system boundaries can significantly affect the carbon emissions value on the carbon label. For 
example, Kjellsen et al. (2005) found that approximately 75% of precast concrete products will 
carbonate within 5 years after demolition and this, combines with the carbonation in the use phase, 
can lead to a 25% reduction of CO2 in the calcination process. Wu and Low (2011) examined a 
precast concrete column under the Singapore Green Labelling Scheme using a cradle-to-gate system 
boundary and found that the carbon emissions value was 610 kg CO2 per column. However, the 
carbon emissions value of the product will be reduced to around 450 kg CO2 per column if assessed 
using a cradle-to-grave system boundary in the CO2 Measured Label. The large differences between 
the carbon emissions value in the two different carbon labelling schemes will post extreme difficulty 
for customers to select low-carbon products. 
 
Table 4.Transparency requirements in carbon labelling schemes. 
Carbon 
labels 
transparen
cy 
requireme
nts 
The 
SGLS 
The 
CO2meas
ured label 
and the 
reducing 
CO2 label 
The 
CarbonCounted 
The 
CarbonFre
e 
TheHo
ng 
Kong 
CLS 
Comments 
Evaluation 
standards 
LCA 
standard
s 
(not 
specific
ally 
listed) 
PAS2050 
WRI/WB
CSD 
PAS2050 
WRI/WBCSD 
ISO14025 
PAS 2050 
WRI/WB
CSD 
ISO14044 
ISO 
14067 
Inconsistenc
y in 
evaluation 
standards 
may cause 
the same 
product to 
have 
significantly 
different 
values in 
different 
carbon 
labelling 
schemes. – 
Recommend
ation 1 
System 
boundary 
Cradle-
to-gate 
Cradle-to-
gate 
Cradle-to-
gate + Transpor
tation to retail 
Cradle-to-
grave 
Cradle
-to-site 
GHG 
emissions 
value 
assessed in a 
cradle-to-
gate 
environment 
may be 
biased and 
inaccurate to 
present the 
products’ 
true life 
Carbon 
labels 
transparen
cy 
requireme
nts 
The 
SGLS 
The 
CO2meas
ured label 
and the 
reducing 
CO2 label 
The 
CarbonCounted 
The 
CarbonFre
e 
TheHo
ng 
Kong 
CLS 
Comments 
cycle GHG 
emissions. – 
Recommend
ation 2 
Accredited 
evaluation 
teams or 
accredited 
laboratorie
s 
Yes Yes Can be 
provided 
No No Accredited 
laboratories 
and 
evaluations 
teams can 
help prevent 
data 
manipulation
. – 
Recommend
ation 3 
Embodied 
carbon 
included 
in the 
label 
Yes Yes Yes No Yes A single sign 
can offer 
intuitive 
explanation 
of the 
products’ 
carbon 
performance. 
– 
Recommend
ation 4 
Standard 
unit of 
measurem
ent 
CO2 CO2e CO2 CO2e CO2e Some GHGs 
have much 
higher global 
warming 
potential 
than carbon 
emissions in 
a 100-year 
time 
horizon. 
Carbon 
equivalent 
Carbon 
labels 
transparen
cy 
requireme
nts 
The 
SGLS 
The 
CO2meas
ured label 
and the 
reducing 
CO2 label 
The 
CarbonCounted 
The 
CarbonFre
e 
TheHo
ng 
Kong 
CLS 
Comments 
should 
therefore be 
advocated as 
the unit of 
measuremen
t. – 
Recommend
ation 1 
Single 
score used 
Yes Yes Yes Yes Yes A single sign 
can suppress 
other 
information 
about the 
system's 
limits, risks 
and 
potential. – 
Recommend
ation 4 
Product 
emissions 
report 
No Yes No No Yes Product 
emissions 
report is 
useful to 
complement 
the single 
sign of GHG 
emissions 
value. – 
Recommend
ation 4 
Emissions 
reduction 
plan 
No Yes No No No Emissions 
reduction 
plan is 
useful to 
complement 
the single 
sign of GHG 
emissions 
Carbon 
labels 
transparen
cy 
requireme
nts 
The 
SGLS 
The 
CO2meas
ured label 
and the 
reducing 
CO2 label 
The 
CarbonCounted 
The 
CarbonFre
e 
TheHo
ng 
Kong 
CLS 
Comments 
value. – 
Recommend
ation 4 
Unit of 
assessmen
t 
Product 
unit 
Company 
or product 
unit 
Product unit Company Produc
t unit 
The unit of 
assessment 
should be at 
a product 
level. 
However, 
the 
company's 
commitment 
in reducing 
carbon 
emissions 
can 
complement 
the single 
sign of GHG 
emissions 
value. – 
Recommend
ation 4 
Benchmar
king 
No No No No Yes Benchmarki
ng can 
complement 
the single 
sign of GHG 
emissions 
value. – 
Recommend
ation 4 
 
In addition, at the practical level, voluntary report of emissions should not be encouraged. Instead, 
accredited teams and laboratories should provide important checks to rule out data manipulation. 
According to Karl and Orwat (1999), the crucial point of environmental labelling is the credibility of 
the eco-label information. Without credible sources of information, it is unlikely that the carbon labels 
will provide useful information for customers to make informed decisions. For example, a few 
processes are voluntarily included in the CarbonFree. It is subject to the analyst's own LCA 
assumptions relating to whether or not these processes should be included. This may also affect the 
completeness principle, which clearly states that all product life cycle GHG emissions arising within 
the system and temporal boundaries for a specific product should be included for assessment. 
 
At the assessment level, the standard unit of measurement varies across all five carbon labelling 
schemes with two schemes (the SGLS and the CarbonCounted) measuring carbon emissions while the 
other three schemes (the CarbonFree, the CO2 Measured Label and the Hong Kong CLS) measuring 
GHG emissions (i.e. CO2e). Some types of GHG emissions such as CH4, SF6, Hydrofluorcarbons 
(HFCs), Perfluorocarbons (PFCs) and Biomass CO2 emissions have much higher global warming 
potential at a 100-year time horizon. For example, methane has a global warming potential coefficient 
of 25 at a 100-year time horizon which means 1 kg of methane is equivalent to 25 kg CO2 in terms of 
its global warming potential (British Standards Institution (BSI) 2011, p.10). Hence, all three GHG 
standards measure carbon equivalent instead of carbon emissions. It is thus a surprise to see that 
although the CarbonCounted follows PAS 2050 and WRI/WBCSG: The Green Protocol, the labelling 
scheme uses carbon emissions instead of carbon equivalent as the standard unit of measurement, 
which is clearly a noncompliance. 
 
As can be seen from Table 4, the comprehensiveness of the eco-label information is currently 
represented by a single sign (e.g. in the SGLS, the CO2 Measured Label and the CarbonCounted). 
According to Grant and Macdonald (2009), LCA has little to say about the adaptability of the system, 
its limits, risks or potential, which are all necessary information to evaluate the products’ 
environmental compatibility. The single sign will affect the transparency principle because it is 
unrealistic for third parties (e.g. customers) to make associated decisions (e.g. to purchase the product 
or not) based on a single sign, especially when the GHG values of the products are close to one 
another. This problem is amplified by many other factors. As stated earlier, the discretion of choosing 
system boundaries makes the information unreliable. In addition, new innovative technologies, e.g. 
the waste gasification system, often look inefficient in the early design stage and can fare poorly in 
LCA terms even if they are potentially of great benefit to the environment (Wu and Feng, 
2012 and Frey and Small, 2003). However, the continuous improvement potential of the product in 
terms of implementing innovation initiatives is currently not assessed in the carbon labelling schemes. 
Therefore, many carbon labelling programmes use other strategies to enhance transparency. For 
example, the CO2 Measured Label and the Hong Long CLS use product emissions report to provide a 
more detailed explanation of the product carbon performance. The Reducing CO2 Label uses 
emissions reduction plan to demonstrate the company's commitment to reduce the carbon emissions 
of the product. 
 
Doublet and Jungbluth (2010) stated that a comprehensive list of environmental product information 
(EPI) should be provided along with the product to make transparent and comparable 
communication. Bare et al. (2000) argued that although there are benefits to use the endpoints of the 
products (i.e. the true life cycle) in LCA studies, the comprehensiveness of the assessment is 
narrowed down because many more assumptions and value judgements have to be made. Initiatives 
have also been taken by the Hong Kong CLS to use five grades to benchmark the performance of the 
product against internationally recognized benchmarks. 
The comparison in Table 4 highlights the importance of developing uniform and globally recognized 
standards for assessing and communicating GHG results. Although the GHG Protocol has similar 
standards with PAS 2050 and is unlikely to result in significant differences in the measurement 
outcomes, sector-specific rules are not provided in these standards. ISO 14067 brings significant 
changes to current carbon labelling schemes in terms of allowing transparent communication of GHG 
results and can be used as the uniform standard for assessing and communicating GHG results. It 
details the transparency principle which is also listed but not elaborated in PAS 2050 and 
WRI/WBCSD: The GHG Protocol. More importantly, it provides guidance on the use of publicly 
available CFP label. A communication programme, a CFP-PCR and a 3rd party 
verification/disclosure report are mandatorily needed if the CFP label is intended to be certified to 
ISO 14067. In the five carbon labelling schemes, it seems that the CO2 Measured Label and the 
Reducing CO2 Label developed by the Carbon Trust, as well as the Hong Kong CLS, have an easier 
path to be accredited by ISO 14067. The product emissions report and reduction plan can be 
reformatted as the communication programme and CFP-PCR for the specific type of construction 
materials. On the other hand, the SGLS, the CarbonFree and the CarbonCounted require significant 
changes to obtain ISO 14067 accreditation with no communication programme and emissions report 
available at the moment. 
 
Carbon Trust issued two carbon labels to differentiate the type of GHG emissions provided. While the 
CO2Measured Label quantifies the GHG emissions of the products in its life cycle, the Reducing 
CO2 Label demonstrates the manufacturer's commitment to reduce the GHG emissions. The 
differentiation shows the necessity of providing different types of carbon labels. Table 4 also suggests 
that carbon labels have evolved into two different types. The first type is the regular carbon label at a 
product level, demonstrating the life cycle GHG emissions of the products, e.g. the CO2 Measured 
Label, the CarbonCounted and the Hong Kong CLS. This type is regulated by PAS 2050, 
WRI/WBCSD: The GHG Protocol and ISO 14067. The other type, instead of demonstrating the life 
cycle GHG emissions, is on a company level, demonstrating the company's commitment in reducing 
GHG emissions, e.g. CarbonFree. It should, however, be noted that the two different types of carbon 
labels can be used together to provide transparent information for customers to choose low-carbon 
products. Although not supported by PAS 2050 and ISO 14067, offsetting demonstrates the 
company's efforts in managing and reducing GHG emissions. More information on the company's 
commitment in reducing GHG emissions can complement the carbon performance of the product. 
Such efforts should be rewarded if not explicitly depicted in the carbon labels. The CarbonFree 
therefore has its own merits in demonstrating the company's efforts in reducing GHG emissions 
through third-party validated carbon offset projects, although it is difficult to be certified by ISO 
14067 because offsetting is not included in its system boundary. 
 
There are economic implications of achieving transparency in carbon labelling for construction 
materials. These economic implications are across the supply chain and various life cycle stages. First, 
there are costs directly associated with carbon labelling (Schaltegger & Csutora, 2012). According 
to Wu et al. (2014), these costs can be offset by the benefits derived from carbon labelling, not only 
environmentally but also financially. As carbon labelling of construction materials is essential for the 
life cycle assessment and consequently carbon neutral or zero carbon development, a transparent 
carbon labelling system can help achieve a cost-effective selection of building and construction 
products (Zuo et al., 2012). For instance, a computer-aid programme could assist the construction 
team to select construction products based on the carbon labelling schemes. Second, improved 
transparency will help to reduce initial carbon emissions for carbon neutral buildings. As a result, the 
construction costs of carbon neutral buildings in countries that have established carbon tax schemes, 
such as UK and Japan, will be lower. However, it should be noted that transaction costs will be 
increased due to extra investment involved such as certification, engagement of specialist consultant, 
and education of related personnel. In essence, the costs associated with carbon labelling will be 
passed on to the lower end of the supply chain. Future research opportunities exist to collect empirical 
evidence of the impacts of transparency of carbon labelling system for construction materials on the 
life cycle cost of the building development. Such evidence will help to convince clients to invest extra 
resources on selecting carbon labelled products. 
 
Additionally, a transparent carbon labelling system provides a platform to share information amongst 
stakeholders (Huang et al., 2013). Indeed, such system is cost effective in terms of communicating, 
measuring and controlling carbon emissions of a product across various stages of the supply chain 
(Hornibrook et al., 2014). In construction context, such information could be embedded into the 
building information modelling system as an integral part of development process. A transparent 
carbon labelling system is also beneficial for those countries with carbon tax or those planning to 
implement carbon tax. It can help to reduce costs derived from carbon tax from very early stage of the 
project. As a result, all stakeholders within the supply chain will benefit. 
 
Furthermore, carbon labels, similar with energy labels, are not systematically employed to signal the 
superior environmental performance on climate change mitigation (Brounen and Kok, 2010). As a 
result, using products certified by transparent carbon labels does not necessary indicate a lower carbon 
emissions value. However, benchmarking strategies have recently been adopted in carbon labelling 
schemes, such as the Hong Kong CLS. Therefore, choosing products within the top tiers can help 
reduce carbon emissions level, thus mitigating the impacts of global climate change. According to Wu 
et al. (2014), a transparent carbon labelling scheme helps trigger an overall change in purchasing 
pattern rather than directly mitigating the impacts of global climate change. As consumers are willing 
to pay a premium for products that have been labelled as “green”, such change can help mitigating the 
impact of global climate change (Brounen and Kok, 2010). 
 
7. Key recommendations to enhance transparency 
Based on the comparisons of international GHG standards and carbon labels (as shown in Table 
2 and Table 4), five key recommendations can be proposed to enhance transparency in future carbon 
labelling schemes. 
 
1. Standardize international GHG standards. A comparison of the three international GHG standards 
shows that international GHG standards vary significantly in the area of scope, assessment principles, 
system boundary, the treatment of use and end-of-life phases, unit of assessment, unit of measurement 
and the provision of communication programmes. As carbon labelling schemes are based on 
international GHG standards, inconsistency in the standards can cause the same product to have 
significantly different values in two different carbon labels. For example, as stated earlier, the precast 
concrete column presented in Wu and Low (2011) would be accredited with a value of 610 kg CO2 in 
the SGLS using a cradle-to-gate system boundary and a value of 450 kg CO2 in the CO2Measured 
Label using a cradle-to-grave system boundary. The standardization procedure has been initiated by 
international participants through the development of product category rules (PCRs), which includes 
the life cycle stages to be included, the parameters to be covered and the way in which the parameters 
shall be collated and documented, for each type of building material (ISO 14067, 2013). Using PCRs 
in carbon labelling schemes can ensure consistency and enable comparisons of materials/products in 
the same product category. 
2. Restrict the use of cradle-to-gate and promote the use of cradle-to-grave as system boundary. 
Cradle-to-gate is preferred in previous studies on carbon labelling because it is relatively more 
convenient to use than cradle-to-grave due to a shorter life span. However, current carbon labelling 
schemes have started to advocate the use of cradle-to-grave due to the high impact of use and end-of-
life phases to the life cycle GHG emissions of construction products, including cement, concrete, 
wood materials and steel. In addition, various simulation technologies have been developed to 
facilitate the use of cradle-to-grave in life cycle assessment. These simulation technologies include 
GaBi (see Loijos, 2011), SimaPro 7 (see Cass and Mukherjee, 2011), WARM (see Donalson et al., 
2011) and Building Information Modelling (see Stadel et al., 2011). However, extreme care should be 
taken in carbon labels that are based on cradle-to-grave assumptions. As uniform assumptions are 
made in the product category rules, carbon labels will therefore not represent all actual usage patterns 
of the products. For example, different project locations will cause variations in the amount of carbon 
emissions from the transportation stage. Such variations will not be documented in carbon labels 
which are based on documented usage patterns in the selected market. Therefore, relying on 
documented usage pattern of the product category instead of actual usage pattern of each product in 
the product category is a practical compromise that has to be made to assess GHG emissions using 
cradle-to-grave assumptions. 
3. Use accredited laboratories and evaluation teams to avoid data manipulation. A comparison of the 
five carbon labelling schemes shows that data manipulation can be avoided if accredited laboratories 
and evaluation teams are appointed in the labelling procedure. The Singapore Green Labelling 
Scheme, the CO2 Measured Label and the Reducing CO2 Label are all managed by accredited 
laboratories and evaluation teams to ensure consistency of the GHG results. Voluntary reporting of 
the GHG results may be used but the results should be subject to 3rd party verification. 
4. Promote the use of multi-level supplementary information to support the single sign of GHG 
emissions value. A single sign may suppress other information such as the credibility, limits and the 
potential of the system. Multi-level supplementary information should be provided to allow customers 
to make informed decisions. The multi-level supplementary information can include the provision of 
product emissions report, emissions reduction plan and various benchmarks. 
5. Establish a communication programme for the carbon labels. Research on international GHG 
standards has shifted to how the GHG results can be transparently communicated to the customers. 
Transparent communication needs the establishment of a uniform communication programme for the 
materials/products within the same product category. Although such programme may not be needed 
for business to business communication due to the high familiarity of LCA at the industry level, the 
communication programme is essential for direct consumer communication. A well-articulated 
communication programme will allow customers to compare different products on a uniform set of 
criteria, which may include involvement of interested parties in the labelling programme, rules for 
maintaining validity of the results and procedure for third-party verification (ISO 14067, 2013). 
8. Conclusions 
The construction industry is one of the largest sources of GHG emissions and actions must be taken 
for the industry to evolve towards being a “green” industry. Carbon labelling schemes for construction 
materials can provide the GHG information of the products to enable customers to make informed 
decisions. Transparency in both the standards to assess carbon emissions and the carbon labels is 
important for consumers to make such informed decisions, but the requirements of transparency has 
yet been fully developed and implemented. The newly published ISO 14067 contributes to the 
evolution of global GHG standards by detailing and standardizing the communication programme. 
The uniform communication template it proposes helps to minimize the ambiguity relating to what a 
transparent carbon labelling programme should be. A comparison of three internationally recognized 
GHG standards and five carbon labels shows that a transparent carbon labelling programme should 
promote the use of cradle-to-grave system boundary, the use of multi-level supplementary information 
to support the single sign, and the establishment of a communication programme. In addition, it 
should be based on international GHG standards for standardization and managed by accredited 
laboratories and evaluation teams. It should also be noted that the basic principles of carbon labelling 
are intertwined and the impact of relevance, completeness, consistency and accuracy on transparency 
should be further investigated. 
As the primary contribution to the body of knowledge, this study reveals the transparency 
requirements in both international GHG standards and carbon labels for construction products. The 
findings also offer key strategies as practical implications for the global community to improve the 
performance of current carbon labelling schemes on standardizing the assessment procedures, 
selecting appropriate system boundary, designing multi-level supplementary information, as well as 
establishing effective communication programme. It is envisaged that with a detailed examination of 
the transparency requirements, the communication gap can be bridged to allow customers to make 
informed decisions. 
 
References 
 
Amstel, M.V., Driessen, P. and Glasbergen, P. (2008). Eco-labelling and information asymmetry: a 
comparison of five eco-labels in Netherlands. Journal of Cleaner Production, Vol. 16(3), 263-276. 
Balcomb, J. D., and Curtner, A. (2000). Multi-criteria decision-making process for buildings. 
American Institute of Aeronautics and Astronautics Conference, Las Vegas. 
Ball, J. (2002). Can ISO 14000 and eco-labelling turn the construction industry green? Building and 
Environment, 37(4), 421-428. 
Bare, J.C., Hofstetter, P., Pennington, D. and Udo de Haes, H.A. (2000). Midpoints versus endpoints: 
the sacrifices and benefits. International Journal of Life Cycle Assessment, Vol. 5(6), 319-326. 
British Standards Institution (2011). PAS 2050. <http://www.bsigroup.com/Standards-and-
Publications/How-we-can-help-you/Professional-Standards-Service/PAS-2050> (cited 20 Oct 2012) 
Building Research Establishment (2010). Environmental profiles methodology. 
<http://www.bre.co.uk/greenguide/page.jsp?id=2106> (cited 15 Feb 2010) 
CarbonFund. (2013). CarbonFree production certification – carbon footprint protocol. 
<http://www.carbonfund.org/site/2012-03-15%20-%20Product%20Certification%20Protocol%20-
%20Final.pdf> (cited 23 Jun 2013) 
CarbonFund. (2013). CarbonFree certification. <http://www.carbonfund.org/offset/product-
certification> (cited 23 Jun 2013) 
CarbonTrust. (2013). Carbon Trust certification. 
<http://www.carbontrustcertification.com/page?pageid=a042000000FjjEv> (cited 23 Jun 2013) 
Cohen, M.A.and Vandenbergh, M.P. (2012). The potential role of carbon labelling in a green 
economy. Energy Economics 34, 53-63. 
Collins, F. (2010). Inclusion of carbonation during the life cycle of built and recycled concrete: 
influence on their carbon footprint. International Journal of Life Cycle Assessment, Vol. 15(6), 549-
556. 
Construction Industry Council (2013). Carbon labelling scheme for construction products: assessment 
guide: Portland cement. Construction Industry Council: Hong Kong. 
Crawley, D. and Aho, I. (1999). Building environmental assessment methods: applications and 
development trends. Building Research & Information, 27(4/5), 300-308. 
Dodoo, A., Gustavsson, L. and Sathre, R. (2009). Carbon implications of end-of-life management of 
building materials. Resources, Conservation and Recycling, Vol. 53(5), 276-286. 
Doublet, G., and Jungbluth, N. (2010). Environmental product information (EPI) and LCA. The 
International Journal of Life Cycle Assessment, 16(1), 90-94. 
D'Souza, C., Taghian, M. and Lamb, P. (2006) "An empirical study on the influence of environmental 
labels on consumers", Corporate Communications: An International Journal, Vol. 11 Iss: 2, 162 - 173 
Erskine, C.C. and Collins, L. (1997). Eco-labelling: success or failure? The Environmentalist 17 (2), 
125-133. 
Finkbeiner, M. (2009). Carbon footprinting – opportunities and threats. The International Journal of 
Life Cycle Assessment, Vol. 14(2), 91-94. 
Flower, D.J.M. and Sanjayan, J.G. (2007). Green house gas emissions due to concrete manufacture. 
The International Journal of Life Cycle Assessment, Vol. 12 (5), 282-288. 
Frey, H.C. and Small, M.J. (2003). Uncertainty in emission factors and emission inventories. Journal 
of Industrial Ecology, Vol. 7(1), 9-11. 
Gluch, P., and Baumann, H. (2004). The life cycle costing (LCC) approach: a conceptual discussion 
of its usefulness for environmental decision-making. Building and Environment, 39(5), 571-580. 
Grant, T., and Macdonald, F. (2009). Life cycle assessment as decision support: a systemic critique. 
Life cycle assessment: principles, practice and prospects, R. Horne, K. Verghese, and T. Grant, eds., 
CSIRO publishing, Collighwood. 
Guggemos, A., and Horvath, A. (2005). Comparison of Environmental Effects of Steel- and Concrete-
Framed Buildings. J. of Infrastructure Systems, 11(2), 93-101. 
Gulbrandsen, L.H. (2005). Mark of sustainability? Challenges for fishery and forestry eco-labelling. 
Environment: Science and Policy for Sustainable Development. Vol. 47(5), 8-23. 
Huovila, P., and Curwell, S. (2007). Sustainability assessment of building design, construction and 
use. Sustainable urban development, S. Curwell, M. Deakin, and M. Symes, eds., Routledge, New 
York. 
ISO 14021 (1999). Environmental labels and declarations – self-declared environmental claims (Type 
II environmental labelling). International Organization for Standardization: Geneva. 
ISO 14024 (1999). Environmental labels and declarations – Type I environmental labelling – 
Principles and procedures. International Organization for Standardization: Geneva. 
ISO 14025 (2006).Environmental labels and declarations – Type III environmental declarations – 
principles and procedures. International Organization for Standardization: Geneva. 
ISO 14040 (2006). Environmental management - life cycle assessment - principles and framework, 
International Organization for Standardization, Geneva. 
ISO 14044 (2006). Environmental management – life cycle assessment – requirements and guidelines. 
International Organization for Standardization, Geneva. 
ISO 14067 (2013). Greenhouse gases – Carbon footprint of products – Requirements and guidelines 
for quantification and communication, International Organization for Standardization, Geneva. 
Karl, H., and Orwat, C. (1999). Economics aspects of environmental labelling. In: The international 
yearbook of environmental and resource economics 1999/2000: a survey of current issues, H. Folmer, 
and T. Tietenberg, eds., Elgar, Cheltenham, 107-133. 
Koning, A., Schowanek, D., Dewaele, J., Weisbrod, A. and Guinee, J. (2010). Uncertainties in a 
carbon footprint model for detergents: quantifying the confidence in a comparative results. 
International Journal of Life Cycle Assessment, Vol. 15(1), 79-89. 
Lagerblad, B. (2006). Carbon dioxide uptake during concrete life cycle – state of the art. Nordic 
Innovation Centre: Oslo, Norway. 
Matthews, H.S., Hendrickson, C.T. and Christopher, L.W. (2008). The importance of carbon footprint 
estimation boundaries. Environmental Science and Technology, Vol. 42(16), 5829-5842. 
Nilsson, H.,Tunçer, B. and Thidell, Å. (2004). The use of eco-labelling like initiatives on food 
products to promote quality assurance – is there enough credibility. Journal of Cleaner Production, 
Vol. 12(5), 517-526. 
Nisbet, M., VanGeem, M.G., Gajda, J. and Marceau, M. (2000). Environmental life cycle inventory of 
Portland cement concrete. SN2137. Portland Cement Association, Skokie. 
Petersen, A.K. and Solberg, B. (2002). Greenhouse gas emissions, life-cycle inventory and cost-
efficiency of using laminated wood instead of steel construction. Case: Beams at Gardermoen airport. 
Environmental Science & Policy 5(2), 169-182. 
Salazar, J. and Meil, J. (2009). Prospects for carbon-neutral housing: the influence of greater wood 
use on the carbon footprint of a single-family residence. Journal of Cleaner Production, Vol. 17(17), 
1563-1571. 
Santero, N.J. and Horvath, A. (2009). Global warming potential of pavements. Environmental 
Research Letter, Vol. 4, 1-7. 
Schmidt, H.J. (2009). Carbon footprinting, labelling and life cycle assessment. The International 
Journal of Life Cycle Assessment, Vol.14 (Supplement 1), 6-9. 
Sinden, G. (2009). The contribution of PAS 2050 to the evolution of international greenhouse gas 
emissions standards. International Journal of Life Cycle Assessment, 14(3), 195-203. 
Singapore Environment Council (2010). Overview of the green label scheme. 
<http://www.sec.org.sg/awards/greenlabel/overview> (cited 6 Mar 2010) 
Smith, T. M., Fischlein, M., Suh, S., and Huelman, P. (2006). Green building rating systems: a 
comparison of the LEED and Green Globes systems in the U.S., 
<http://www.usgbc.org/docs/LEEDdocs/LEED_RS_v2-1.pdf > (cited 12 Aug 2008) 
Suh, S., Lenzen, M., Treloar, G. J., Hondo, H., Horvath, A., Huppes, G., Jolliet, O., Klann, U., 
Krewitt, W., Moriguchi, Y., Munksgaard, J., and Norris, G. (2004), System Boundary Selection in 
Life-cycle Inventories using Hybrid Approaches. Environmental Science & Technology, 38(3), 657-
664. 
Trusty, W. (2001). Life Cycle Assessment (Athena Institute). NRC-VTT seminar,Ottawa. 
Upham, P., Dendler, L. and Bleda, M. (2011). Carbon labelling of grocery products: public 
perceptions and potential emissions reductions. Journal of Cleaner Production. Vol. 19(4), 348-355. 
U.S. Environmental Protection Agency. (2012). Green Building. < 
http://www.epa.gov/greenbuilding/pubs/whybuild.htm > (cited 05 May 2014) 
Verfaillie, H. and Bidwell, R. (2000). Measuring eco-efficiency: a guide to reporting company 
performance. World Business Council for Sustainable Development: Geneva. 
Vieira, P. and Horvath, A. (2008). Assessing the end of life impacts of buildings. Environmental 
Science and Technology, 42(13), 4663-4669. 
Vijayan, A., and Kumar, A. (2005). A review of tools to assess the sustainability in building 
construction. Environmental Progress, 24(2), 125-132. 
Worrell, E., Price, L., and Martin, N. (2001a). Energy efficiency and carbon dioxide emissions 
reduction opportunities in the US iron and steel sector. Energy, 26(5), 513-536. 
Worrell, E., Price, L. K., Martin, N., Hendriks, C., and Meida, L. O. (2001b). Carbon dioxide 
emissions from the global cement industry. Annual Review of Energy and Environment, 26(8), 303-
329. 
WRI/WBCSD. (2011). The GHG Protocol: Product life cycle accounting and reporting standard. 
<http://www.ghgprotocol.org/standards/product-standard> (cited 05 Dec 2013) 
Wu, P. and Feng, Y.B. (2012). Using lean practices to improve current carbon labelling schemes for 
construction materials – a general framework. Journal of Green Building, 7(1), 173-191. 
Wu, P. and Low, S.P. (2011). Managing the embodied carbon of precast concrete columns. Journal of 
Materials in Civil Engineering. 23(8), 1192-1199. 
Wu, P. and Low, S.P. (2012). Lean management and low carbon emissions in precast concrete 
factories in Singapore. Journal of Architectural Engineering, Vol. 18(2), 176-186. 
Wu, P., Low, S.P. and Jin, X. (2013). Identification of non-value adding (NVA) activities in precast 
concrete installation sites to achieve low-carbon installation. Resources, Conservation and Recycle, 
Vol. 81, 60-70. 
Wu, P., Xia, B., Pienaar, J. and Zhao, X. (2014). The past, present and future of carbon labelling for 
construction materials – a review. Building and Environment, Vol. 77, pp.160-168. 
 
